SUMMARY -Physical activity (PA) during normal pregnancy has various positive eff ects on pregnant women's health. Determination of the relationship between PA and health outcomes requires accurate measurement of PA in pregnant women. Th e purpose of this review is to provide a summary of valid and reliable PA questionnaires for pregnant women. During 2013, Pubmed, OvidSP and Web of Science databases were searched for trials on measurement properties of PA questionnaires for pregnant population. Six studies and four questionnaires met the inclusion criteria: Pregnancy Physical Activity Questionnaire, Modifi ed Kaiser Physical Activity Survey, Short Pregnancy Leisure Time Physical Activity Questionnaire and Th ird Pregnancy Infection and Nutrition Study Physical Activity Questionnaire. Assessment of validity and reliability was performed using correlations of the scores in these questionnaires with objective measures and subjective measures (self-report) of PA, as well as test-retest reliability coeffi cients. Sample sizes included in analysis varied from 45 to 177 subjects. Th e best validity and reliability characteristics (together with eff ect sizes) were identifi ed for the Modifi ed Kaiser Physical Activity Survey and Pregnancy Physical Activity Questionnaire (French, Vietnamese, standard). In conclusion, assessment of PA during pregnancy remains a challenging and complex task. Questionnaires are a simple and eff ective, yet limited tool for assessing PA.
Introduction
Physical activity (PA) in pregnancy reduces the risk of gestational diabetes mellitus, excessive weight gain, hypertension, and preterm delivery [1] [2] [3] [4] [5] . However, the amount of activity required for favorable pregnancy outcomes remains to be determined 6 . Determination of the relationship between PA levels in pregnancy and health outcomes demands accurate assessment of PA levels in pregnant population. Currently, there is no gold standard for assessing PA during pregnancy.
Valid and reliable measures of physical activity are required to document the frequency, duration and distribution of PA in defi ned populations; evaluate the prevalence of individuals meeting health recommendations; examine the eff ect of various intensities of PA on specifi c health parameters; make cross-cultural comparisons and evaluate the eff ects of interventions 7 . Measurement of physical activity can be divided into self-report methods (questionnaires and diaries) and objective assessment (accelerometers, pedometers and heart rate monitors). Self-reported questionnaires can be self-or interviewer-administered. Th ey can collect the mode or type of activity, frequency, duration and perceived exertion. Mode and perceived exertion of PA cannot be collected by objective measures. However, physical activity questionnaires (PAQs) are prone to measurement error and bias 8, 9 Objective measurements are not subject to self-report error, but they have other limitations, like inability to measure various types of PA, inaccurate measurement of upper body movement, stationary exercise, weight lifting, and water activities. Also, cut-off points necessary to translate accelerometer data into intensity categories have not been developed for pregnant women 10 . Pedometers cannot diff erentiate intensity level of PA and they are only able to assess walking and running. Heart rate monitors have even more limitations for use in pregnancy.
Despite frequent use of objective assessment methods to measure PA, PAQs provide a practical method for PA assessment in surveillance studies, for risk stratifi cation, and when examining the etiology of disease in large observational studies 11 . Th ey are simple to use and are cost-eff ective. Most PAQs report the type, time, frequency, intensity and context of the activity. Th ey can be designed for general or specifi c population and a few of them are designed specifi cally for pregnant women. Results from studies aimed at evaluating the validity of PAQs assessed in one population cannot be systematically extrapolated to other populations, and consequently, a great variety of PAQs have been developed and tested for reliability and validity in recent years 11 . Th e majority of currently available PAQs have been developed and validated in men and emphasize moderate and vigorous intensity PA. Also, they do not include household and childcare activities, which comprise a substantial portion of pregnancy PA 12 . Th e growing body of literature recommends that questionnaires should assess PA in the full range of physical activities related to sports and recreational activities, but should also include work, transportation, childcare and household activities 13, 14 . Only several PA questionnaires have been developed and evaluated for validity and reliability in pregnant population. Still, they are the most common method used in surveillance and epidemiological studies of the impact of PA during pregnancy on health outcomes because of their cost and time-eff ectiveness 10, 15, 16 . Results of these studies impact PA guidelines for pregnant women and, since their fi ndings are based on PAQs, it is very important that these PAQs are valid and reliable.
Th e purpose of this systematic review and respective meta-analysis is to provide an overview and summary of self-reported PAQs for pregnant population with evidence of validity and reliability. It contains description and measurement properties of PAQs for pregnant women, but also provides the information about eff ect sizes and advantages and disadvantages of certain PAQs for pregnant women.
Materials and Methods
A comprehensive database search was performed during 2013 within PubMed, OvidSP and Web of Science databases with the purpose of fi nding trials on measurement properties of PAQs for pregnant population. We included only trials in English, published within the last ten years and reporting on PAQs specifi cally tested for both validity and reliability in pregnant women. Th e search was concluded on August 2014. Th e key terms and their combinations used for the search were: "physical activity", "pregnancy", "questionnaire", "self-report", "validity", "reliability", "measurement" and "assessment". Th e procedure was concluded by using references found in all relevant papers. We excluded trials on non-pregnant or postpartum female populations and PAQs that did not take into account at least two determinants of PA (mode, frequency, duration and perceived intensity). Articles without report of agreement statistics between questionnaire and criterion measure were excluded from the review. Trials without reported reliability were also excluded.
For the purpose of meta-analysis, the correlation coeffi cient eff ect size (r) is used, designed for contrasting two continuous variables. Fisher's Z-r transformation and variance are useful for meta-analysis when given the correlation and sample size. Th us, values of correlations were transformed in standardized correlations (Z-r), with belonging confi dence intervals (Table 1) 17 : Th en, variances for each correlation coeffi cient were calculated 17 After this step, the correlation coeffi cient (r) was recalculated again, as well as weight (w) 17 . Physical activity in pregnancy questionnaires Table 2 shows belonging eff ect sizes and overall (average) eff ect sizes for subsets of correlations (calculated in the step described above) using the formula 17 
:
Finally, in Table 3 , average values of overall transformed validity and reliability indicators with belonging eff ect sizes are presented. It should be mentioned that average values of eff ect sizes are calculated in terms of the means of specifi c measures (Table 2) , as well as overall validity and reliability indicators and belonging eff ect sizes (Table 3) . In other words, for example, overall physical activity indicators are calculated as the mean of sedentary, moderate and vigorous physical activity, not the indicator of total physical activity.
Results
Four questionnaires in six studies met the inclusion criteria: Pregnancy Physical Activity Questionnaire (PPAQ) 6, 18, 19 , Modifi ed Kaiser Physical Activity Survey (MKPAS) 20 , Short Pregnancy Leisure Time Physical Activity Questionnaire (LTPA) 21 , and Th ird Pregnancy Infection and Nutrition Study (PIN3) Physical Activity Questionnaire 15 (Table 4) . Another six questionnaires were excluded because reliability data were not reported in trials [22] [23] [24] [25] [26] [27] . Two questionnaires were self-administered (PPAQ and LTPA) and two interviewer-administered (MKPAS and PIN3 PAQ). Trials were conducted mostly in the North American geographical region, i.e. United States 6, 15, 20 and Canada 19 . One trial was conducted in Vietnam 18 and one in Finland 21 . Recall period for PA assessment was current trimester of pregnancy (PPAQ, MKPAS), the last two weeks for LTPA, and the last week for PIN3 PAQ. All questionnaires assessed the mode, frequency and duration of PA, and perceived intensity of PA was assessed in PIN3 PAQ and LTPA. Table 1 shows confi dence intervals, standardized correlations (Zr) and variances for each correlation coeffi cient, while Table 2 shows belonging eff ect sizes and overall (average) eff ect sizes for subsets of correlations 17 .
Assessment of validity was done using an objective measure of PA in all trials (Table 5) . In four trials, it was done by accelerometer 6, 15, 19, 20 , and in two by pedometer 18, 21 . Validity analysis sample varied from 45 to 177 pregnant women. Results of the comparison ranged from slight to moderate agreement and were reported as Spearman's correlation coeffi cient (SCC) or Pearson's correlation coeffi cient (PCC). In three trials, an additional subjective measure was used for calculating validity, i.e. Schmidt et al. 20 compared MK-PAS and PPAQ results, Aittasalo et al. 21 used leisure activity logbook, and Evenson and Wen 15 used PIN3 structured diary. Th e period of objective criterion measurement was seven days in all trials, except for the trial conducted by Ota et al. 18 , where it was ten days. Agreement between subjective measures varied from fair to strong and was mostly calculated as SCC and PCC. Overall eff ect sizes (objective measures) varied from 0.08 to 0.29, i.e. they were mainly small. Overall eff ect sizes (self-report measures) were higher and varied from 0.22 to 0.42, i.e. they were mostly medium ( Table 2) .
Sample size for test-retest reliability varied from 49 to 109 participants (Table 5) . Time between test and retest ranged from one-two days 15 to two weeks 18, 21 , being mostly seven days 6, 19, 20 . Th e same time period was recalled in most reliability assessments. Test-retest reliability estimates were mostly shown as intraclass correlation coeffi cients (ICC) with substantial to strong values. Overall eff ect sizes were higher and varied from 0.48 to 0.63, i.e. they were medium to large (Table 2) .
However, the clearest insight into the validity and reliability of measuring instruments for PA based on questionnaires is given in Table 3 . Th e most desirable characteristics in terms of their validity based on objective measures were identifi ed for the Modifi ed Kaiser Physical Activity Survey, and then the Pregnancy Physical Activity Questionnaire (French, Vietnamese, standard); they showed highest correlations with objective measures, as well as small but the best eff ect sizes (among all questionnaires included in this metaanalysis) (Table 3) .
Th e most desirable characteristics in terms of their validity based on subjective (self-report) measures were recorded in the Th ird Pregnancy Infection and Nutrition Study (PIN3) Physical Activity Questionnaire, and then the Modifi ed Kaiser Physical Activity Survey; they showed highest correlations with subjective measures, as well as small to moderate but the best eff ect sizes (among all questionnaires included in this meta-analysis). However, even the Short Pregnancy Leisure Time Physical Activity Questionnaire also had satisfactory validity based on subjective measures, yet something lower size than the abovementioned questionnaires, but with moderate eff ect size (Table 3) . Finally, the most desirable characteristics in terms of their reliability based on test-retest measures were identifi ed for the Modifi ed Kaiser Physical Activity Survey, and then the Pregnancy Physical Activity Questionnaire (French, Vietnamese, standard); they showed highest correlations with subjective measures, as well as moderate eff ect sizes (among all questionnaires included in this meta-analysis). However, even the Th ird Pregnancy Infection and Nutrition Study (PIN3) Physical Activity Questionnaire also had satisfactory validity based on subjective measures, but something lower size than the abovementioned questionnaires, also with moderate eff ect size (Table 3) .
Overall, among all questionnaires in this short meta-analysis, the best validity and reliability characteristics (together with eff ect sizes) were recorded for the Modifi ed Kaiser Physical Activity Survey and Pregnancy Physical Activity Questionnaire (French, Vietnamese, standard). Very close to them was the Th ird Pregnancy Infection and Nutrition Study (PIN3) Physical Activity Questionnaire, while the worst characteristics were found for the Short Pregnancy Leisure Time Physical Activity Questionnaire.
Discussion
In non-pregnant population, the gold standard of energy expenditure is the use of doubly-labeled water (DLW) 28 . However, this method is expensive, timeconsuming and not feasible for general use in assessing PA in large-scale studies. Objective measures of PA in pregnancy use accelerometers, pedometers and heart rate monitors, but they do have limitations.
Accelerometry is validated against DLW in nonpregnant population 28 and more feasible to use in pregnant women. However, accelerometers are not able to measure precisely upper body movements, weight-bearing activities, cycling and swimming 10, 29 . Cut-off points from accelerometer-calibration studies needed to categorize counts into levels of intensity are not validated for pregnant women. Pedometers estimate total steps and distance and can be used as a valid and reliable method for PA measurement in nonpregnant populations. However, their role in pregnancy remains unclear 30 . Heart rate monitors can be uncomfortable and limited in assessing most determinants of PA. Heart rate is variable during pregnancy and could be aff ected by numerous factors other than PA. Also, objective activity monitors heighten awareness of PA among pregnant women and potentially cause bias.
Th is review identifi ed four questionnaires with proven validity compared with objective measures and test-retest reliability. While reliability was substantial to strong, validity was moderate at best. Pearson's and Spearman's correlations may not be the most appropriate statistical methods for reporting validity of PAQs 11 . Th e challenge for questionnaires used to assess PA during pregnancy is to rank pregnant women in categories from sedentary to most active within a narrower range of PA than in non-pregnant samples 6 . Questionnaires for pregnant population have to take into account the potentially diff erent metabolic cost of PA in pregnancy in comparison to general population. Th e potential misclassifi cation can bias studies of the relationship between pregnancy PA and maternal and fetal health, limiting their ability to detect important associations with disease [31] [32] [33] . Th e Pregnancy Physical Activity Questionnaire is a semi-quantitative questionnaire that reports on the time spent on 32 activities, including household, caregiving, occupational activities, sports and exercise, transportation, and inactivity. Th ere is also an openended section for adding activities not already listed. It has been developed and validated only for pregnant population. PIN3 PAQ is also specifi cally designed for pregnant women, as well as to capture moderate and vigorous PA. It reports on the frequency, duration and perceived exertion of participation in recreation, occupational activities, transportation, childcare and household activities.
Th e Leisure Time Physical Activity Questionnaire is based on the International Physical Activity Questionnaire (IPAQ) 34 with several modifi cations for better distinguishing structured and unstructured features of PA 21 . It includes two PA domains: leisure-time PA and household PA. It does not report on occupational PA. It reports on the mode, frequency, duration and perceived intensity of PA. KPAS is adapted from the Baecke Physical Activity Survey 35 and designed specifi cally to assess PA of women 36 . It includes assessment of multiple domains of PA: household activities and family care, occupational activities, active living habits and participation in sports and exercise. It reports on the mode, frequency and duration of PA. It has also been validated in non-pregnant women 36 . Self-reported measurements of PA are the most common method in epidemiological studies of pregnant women 10 , which makes their validity and reliability critical for making conclusions and developing future guidelines. Neither self-reporting nor objective measures are perfect for assessment of PA in pregnancy. Accuracy and precision of PAQs are still a methodological problem which can be partially prevented by choosing valid and reliable PAQ tested and adjusted for a specifi c population, and by using both self-reporting and objective measures of PA in a single trial. When deciding which PAQ to use, researchers should take into account the measurement properties of a specifi c PAQ and the determinants of PA they wish to measure, according to a specifi c research question, because not all PAQs measure every aspect of PA. If they plan to measure and compare PA in diff erent populations or pre-, post-and during pregnancy, they should use PAQs validated for both pregnant and non-pregnant populations, i.e. for all participants.
In conclusion, there is no gold standard for the assessment of PA during pregnancy. It remains a challenging and complex task. Questionnaires are the most common, simple and eff ective, yet imperfect assessment method used in surveillance and epidemiological studies. Th ey should be meticulously tested for validity and reliability before being used in trials and before drawing conclusions from the results of these trials. Also, questionnaires should contain information on all aspects of PA (mode, frequency, duration and perceived intensity) for best determination of the causative relationship between various aspects of PA, especially dose-response and health-related outcomes. In this short meta-analysis, we determined the validity and reliability characteristics of four questionnaires, revealing which could be more desirable for future research in this fi eld. Th erefore, continuous research is necessary to improve PA assessments for pregnant women, both self-reported and objective.
